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Abstract

We measured the longitudinal phase spacedistribution of
the proton beams provided by the 433 MHz linac a ICR,
Kyoto University, by meansof anew monitor which consists
mainly of athin gold target, a deflector cavity, a position
sensitive dgtector (PSD) and three permanent magnet
quadrupole lenses. Protons are scattered by the target are
guided into cavity, then focused by the PM Qs, deflected by the
cavity, then focused by the deflector dectrodes, and findly
reach the PSD. Theposition and energy datafromthe PSD are
employed to reconstruct the phase space configuration of the
beam before hitting the target. The longitudinal emittance of
the ICR linac was measured with the present monitor system
under some dfferent operaing condtions. The obtaned
measurement resultswere usedto optimizethe RF condition.

Introduction

At the Institute for Chemicd Research, Kyoto
University, a 433 MHz proton linac has been operaed The
linac mainly consists of 50 keV lon source, andlow energy
beam transport, 2 MeV Rad o Frequency Quadrupole (RFQ)
linac, BeamMatching Section (BMS), and7 MeV Drift Tube
Linac (DTL)[1]. In order to messure the longitudna beam
emittance of the 7 MeV proton beam, we deve oped a new
beam monitor [2]. The monitor enables us to measure the
beam distribution in the longitudinal beam phase space.

The longitudinal beamdistribution of theproton linacis
obtained by measuring the position and energy of the protons
which arescattered at thetarget and then deflected by an rf field
whose frequency is the same asthose of RFQ linac andDTL.
The figure of the longitudinal emittancemonitor is shownin
Fig.l.

Theposition and energy of aproton measured by Position
Sensitive Detector (PSD) depend on the phase and energy
when it is scattered at thetarget. By cal culating the orbit of the
Oeflected proton, the coordnates of the proton in the phase
space can beobtained. In thisway, a beamdistribution in the
longitudnd phase spaceis reconstructed from the messured
position and energy distribution.

Whenwe accel eratethe proton beams, how we control the
rf condtion is large problem. Then the vaiaions of the
longitudnad beam dstribution at dfferent rf conditions were
measured, in order to examine theeffect of the rf condition to
the longitudinal beam dynamics.
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Fig. 1 Thelongitudina emittance monitor

M easur ement

We messured the beam dstributions for severd rf
conditions. Inthe measurement, we used a goldtarget of 0.37
mm in wicdth and 100 pg/cm? in thickness. The gold is
deposited on a thin carbon backingfoil whosethickness is 10
pg/cm? . Thegap voltageof thedeflector is 38 keV estimated
from the position variation of the deflected protons whenthe
rf phase of the deflector is changed.

The longitudna beam matching was controlled by
adjusting therf phasesand amplitudeof the RFQ, the DTL and
adouble gapped buncher installed in the BMS.

Some of the results are shown in Fig. 2(a)-(d). Thefour
figures are beam dstributions on the PSD. We can find two
islands on eech figure the upper island comes from the
protons scattered by goldtarget, and the lower island comes
from those scettered by carbon foil. The longitudnd
emittances can be estimated from the upper island.
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Fig. 2(a)-(d) correspondto following condtions A - D.
The condition A is well matched rf condition, andthe shape of
the upper islandis wdl-regulaed In the condtion B, the rf
phase of the DTL is different fromthat of A by 11°. Theshape
of the upper island become a little dfformed, and the mean
output energy is less than A, and protons out of stability
region are more than A. In the condtion C, the rf is miss
matching, wherethe rf phaseof theDTL is differentfromthat
of A by 43° . Many unstable protons are found In the
condtion D, the buncher voltage was macke zero, and the rf
conditions of RFQ and DTL wereoptimized. The spread of the
Oetected positions is larger than that for other condtions.
Because the RFQ output beam was not rebunched, not some
amount of protons may go out of acceptance of the DTL.

(o]

@

~

o

al

N

Energy [MeV]

-4 -2 0 2 4
Position [mm]

'
(o)
fo) M

8

(b) 1

(o2}

Energy [MeV]

e [¢)]
L R R R R I R R R I R B

w

-4 -2 0 2 4
Position [mm]

N
(o2}
»

238

(ee]

(©

~

o

»

Energy [MeV]

N [¢)]
I\\\‘\\I\‘\\\\l\\\\l\\\\l\\\\

w

-2 0 2 4
Position [mm]

-4

N

|
(o3}
(o2}

81

—~
o

=
I

[«2)

Energy [MeV]
o

(62
\\!\I\1\\[\|\\[\!\1‘\!\|‘\!\!

w

I — ‘ L1 | ‘ | - ‘ L1 | ‘ | ‘ L1 |
-4 -2 0 2 4
Position [mm]

N

o3}
(o3}

Fig. 2 Proton dstributions on the PSD a dfferent rf
conditions. Well-matched condition (a), and the rf phase of the
DTL is dfferent from the matched condtion by 11° (b) and
43’ (c). In(d), the buncher voltage is zero, and RFQ and DTL
conditions are optimized.

Analysis

The position-energy dstribution of the scattered proton
aretransformedto longitudinal phase spacedistribution. From
the dstributions of the upper proton islands of Fig. 2(a)-(c),
the phase space dstributions are obtained, as shown in Fig.
3(@-(0). It is dfficult to transform the dstribution in Fig.
2(d), becausethe beam spreadis too large. The phase center of
dstribution are varied, and mean energies of (b) and (c) are
lower than (8). We estimaed the effective rms emittance,
considering the effectsof measurement resolutions, by using
following formula[3],

& =[(E°) (¢),, ~ (B9, ~(¢7), ~S}(E7), -
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where s, is resolution of the phase measurement, ands: is that
of energy measurement. In this measurement s, is 4.5 deg,
andsc is 14 keV. In order to get high phase resolution, we
used a narrower target than previous experiment, but thiswas
not so effective. Only the change of setting angle of thetarget
as shownin Fig. 1 might beeffectiveto the phaseresolution.
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Fig. 3 Longitudinal Phase space dstribution of the beam. (g
istransformed fromthe upperisland of Fig. 2(a), (b) and(c) are
dso transformed from those of Fig. 2(b) and 2(c),
respectively.
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We cdcaulaed two kinds of rms emittances. One is
cdculated from dl patides, and the other is cdculated from
the particlesin awindow of 50 deg x 600 keV . Thepurpose
of thewindow is to estimatethe rms emittance of stablebeam.
The obtained rms emittances for eachdistributions areshown
in Tablel. Thesizeof rmsemittancefor condition A andB ae
almost same, but the emittance(all) for Cis 1.4 timesaslarge
asthat for A.

Table1
Longitudinal rms emittancesof the beamsfor different rf
condtions. The rms emittances in the window are cdcul ated
from the patides in aarea of 50 deg x 600 keV around the
center .

rms emittance rms emittance
condition (al particles) (in window)
[Tt mm mrad] [Tt mm mrad]
A 0.87 £ 0.07 0.43 + 0.06
B 0.86 + 0.06 0.42 + 0.07
C 1.24 + 0.06 0.40 + 0.07
Conclusion

We messured the longitudnd beam dstribution & the
different rf conditions. Thedistributions were different by the
condtion, and we got the optimizing rf condtion with this
measurement. Then longitudinal rms emittancesareobtained
for three condtions. At a large mismatched phase, the rms
emittance found to be 1.4 times larger than that of mached
beam.
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